A lthough peripheral nerve injuries (PNIs) do not immediately contribute to death, they can substantially affect a person's long-term quality of life.
Their analysis was limited to brachial plexus injuries, no breakdown by age was provided, and data on the physiological characteristics of this patient population were lacking. To our knowledge, no analysis has been focused on the association of all PNIs with specific patient-level factors.
We investigated the prevalence of PNIs among children involved in trauma and investigated PNI association with several patient characteristics. We used a regression model in a cohort of children who had sustained trauma (during motor vehicle crashes, motorcycle crashes, bicycle crashes, pedestrian accidents, other crashes, and falls) and for whom data were recorded in the 2009-2011 NTDB. The advantage of using a comprehensive database, such as the NTDB, is that it provides an adequate volume of events for studying a rare entity such as PNIs.
Methods

The NTDB
We included in our analysis all patients who were younger than 18 years, had sustained traumatic injury, and were registered in the NTDB (created and compiled by the Committee on Trauma, American College of Surgeons) during 2009-2011. The NTDB is the largest collection of US trauma registry data ever assembled. It includes data collected from more than 900 institutions in the United States. Using source codes provided by the NTDB, we merged the available data sets for the variables of interest. 7 More information about the NTDB is available at http:// www.facs.org/trauma/ntdb/.
Cohort Definition
To establish the cohort of patients, we identified patients in the registry who were involved in motor vehicle crashes, motorcycle crashes, bicycle crashes, pedestrian accidents, other crashes (involving mainly all-terrain vehicles and snowmobiles), and falls. Patients younger than 18 years were included in the analysis.
Primary Outcome and Exposure Variables
The primary outcome variable was the incidence of PNIs, defined as an International Classification of Disease, Ninth Revision, Current Modification codes of 953.x, 954.x, 955.x, 956.x, and 957.x. We examined how the pertinent exposure variables affected outcomes. The continuous variables examined were patient age, systolic blood pressure, heart rate, body temperature at the time of arrival at the emergency department, number of neurosurgeons, number of trauma surgeons, and number of orthopedic surgeons. The categorical variables examined were patient sex, race (African American, Hispanic, Asian, Caucasian, or other), and insurance (private, self-pay, Medicaid, Medicare, and other). The ordinal variables examined were Glasgow Coma Scale (GCS) score and Injury Severity Score (ISS). The hospital characteristics used in the analysis as categorical variables included hospital region (West, South, Midwest, North), hospital bed size (< 200, 200-400, 400-600, and > 600 beds), and hospital teaching status (university, urban nonteaching, and community).
Variables were included in the final models after ensuring that the proportion of missing data points was less than 20%. The following were excluded from analysis because the prevalence of missing data was greater than 20%: illicit drug use, alcohol use, respiratory rate, oxygen saturation, total elapsed emergency medical services time from dispatch to the emergency department, emergency medical services time at the scene of the trauma, and patient days in the intensive care unit and/or receiving mechanical ventilation.
Statistical Analysis
The effect of the exposure variables on the primary outcome was examined by using a multivariate logistic regression model. For each variable associated with missing values, multiple imputation was performed by using SPSS. Imputation was used for the following missing data: patient sex, payer source, race, ISS, systolic blood pressure, heart rate, temperature, GCS score, and region. First, we calculated the proportion of missing data for variables of interest. The SPSS program was used to impute missing data on the basis of the other available variables. This process was repeated 5 times, creating 5 separate imputed datasets. These 5 datasets were combined to create a fullpooled dataset with no missing values, which was used in a multinomial logistic regression (logit) model in SPSS. The method of multivariable logistic regression was used to determine the association of demographics and socioeconomic factors with the incidence of PNIs.
Regression diagnostics were performed for all logistic regression models. Hosmer-Lemeshow and Pearson goodness-of-fit tests were used to confirm that the models adequately fit the data (p > 0.10). All probability values are the results of 2-sided tests, and the level of significance was set at p < 0.05.
Results
Patients
During 2009-2011, a total of 245,470 children ( Fig. 1 ) with traumatic injuries were registered in the NTDB and met the inclusion criteria for this study. Of these patients, 50,211 had been involved in motor vehicle crashes, 3380 in motorcycle crashes, 20,491 in bicycle crashes, 18,262 in pedestrian accidents, 26,294 in other crashes, and 126,832 in falls. The distribution of exposure variables can be found in Tables 1 and 2 .
Primary Outcome
Of the 245,470 children with traumatic injuries, 1386 (0.56%) had PNIs: 333 (0.66%) from motor vehicle crashes, 34 (1%) from motorcycle crashes, 77 (0.38%) from bicycle crashes, 76 (0.42%) from pedestrian accidents, 207 (0.79%) from other crashes, and 659 (0.52%) from falls. Table 3 summarizes the incidence of PNIs for the various subgroups, stratified by patient age. Overall, plexus injuries were sustained by 212 patients (138 in the brachial plexus, 30 in the lumbosacral plexus, and 44 unspecified), and injuries distal to the plexus were sustained by 1175 patients (922 in the upper extremity, 177 in the lower ex-tremity, and 76 unspecified). The respective incidence of brachial plexus injuries was 0.1% for motor vehicle crashes, 0.3% for motorcycle crashes, 0.04% for bicycle crashes, 0.05% for pedestrian accidents, 0.1% for other crashes, and 0.02% for falls.
Multivariate logistic regression analysis of the association of PNIs with several demographic and socioeconomic factors revealed the following (Fig. 2) . Associated with increased incidence of PNIs were increased patient age (OR 1.10, 95% CI 1.01-1.20), higher ISS (OR 1.10, 95% CI 1.01-1.20), elevated systolic blood pressure at the time of arrival at the emergency room (OR 1.10, 95% CI 1.01-1.20), and increased number of trauma surgeons in the trauma center (OR 1.10, 95% CI 1.01-1.20). On the contrary, associated with lower incidence of PNIs were female sex (OR 0.94, 95% CI 0.87-1.02), community hospitals (OR 0.94, 95% CI 0.87-1.02), and urban nonteaching hospitals (OR 0.94, 95% CI 0.87-1.02). Not associated with the rate of PNIs was GCS score at the time of arrival at the emergency room (OR 0.94, 95% CI 0.87-1.02).
Discussion
In this analysis of a comprehensive national database, we demonstrated that PNIs are more common than previously identified among children who had sustained traumatic injuries. Traumatic PNIs have been studied more extensively in adults than in children and have been reported 14 to occur in up to 5% of patients in a level I trauma center, most of whom have multiple injuries. About half of these patients were the drivers or passengers of motor vehicles involved in a crash. 5, 9 In a recent study 1 of the NTDB, the incidence of PNIs among adult motor vehicle crash victims ranged between 0.73% and 0.98%. In the NTDB, we identified a slightly lower prevalence of PNIs (0.6%) among children who had experienced falls or road accident trauma. Although, this prevalence is lower than what has been reported for the adult population, 11, 14 it is significantly higher than what previous studies have found for children. 3 This higher rate is probably the result of the comprehensive nature of NTDB and rigorous data collection.
To our knowledge, the age-dependent prevalence and etiology of traumatic PNIs among children has not been described before. We demonstrated that increased age is associated with a higher rate of PNIs. Older children are more likely to be involved in high-speed accidents or to exhibit high-risk behaviors, such as use of alcohol and drugs, or texting while driving.
8 Among younger children, parental supervision possibly prevents a substantial number of PNIs. For patients in all age groups, high-energy road accident trauma was the most common cause of PNIs as well as brachial plexus injuries. This pattern is consistent with findings of prior studies of both adults and children. 3, 11, 14 The improved granularity of NTDB enabled us to identify motorcycle crashes as more frequent contributors to this injury, in comparison with motor vehicle crashes. The combination of high-speed travel and limited protection for motorcycle riders results in crashes with frequent ejections and high kinetic energy. The same mechanism is probably implicated in the high prevalence of PNIs after crashes involving all-terrain vehicles and snowmobiles. In addition, we observed that falls, in which the extremities are exposed and at high risk for injury, are a frequent contributor to PNIs in children. In accordance with the literature, 3 we found that falls were a minor contributor to brachial plexus injuries.
Increased overall severity of injury, as reflected by the ISS, was associated with a higher prevalence of PNIs. This finding is in accordance with the observation that PNIs occur more commonly in higher energy accidents, which often also result in multiple injuries. A similar association has been identified among adults in a prior study 1 of the NTDB. Dorsi et al. 3 described the prevalence of other injuries concurrent with traumatic brachial plexus injuries among children and determined that extremity injuries are common in this patient population. However, that study did not use regression techniques to adjust for confounders, a limitation that is addressed in our study. In our analysis, lower GCS score, an indicator of severity of neurological injury, was not associated with PNIs. This observation reflects the lesser role that degree of central nervous system injury, in comparison with extremity trauma, plays in the development of PNIs. We found several other secondary factors that were associated with the rate of PNIs. The association of male sex with PNIs is probably secondary to riskier behaviors by this subgroup, resulting in more severe trauma. On the contrary, the higher systolic blood pressure in patients with PNIs is secondary to survivorship bias. Patients with a better physiological profile at the time of arrival at the emergency room are more likely to survive and therefore receive a PNI diagnosis. The higher prevalence of PNIs in teaching hospitals with a large number of trauma surgeons reflects biased referral of the more severe accident patients to specialized tertiary-care trauma centers.
Our study has several limitations common to studies involving administrative databases. First, indication bias and residual confounding could account for some of the observed associations. Second, some coding inaccuracies will undoubtedly occur and can affect estimates; this limitation is no different than that of other studies involving the NTDB. Third, the NTDB during the years studied did not include all trauma centers from all states. It is expected to preferentially involve larger hospitals, as well as younger and more severely injured patients. Although use of the NTDB introduces a selection bias, the NTDB is the most extensive trauma registry available. Fourth, for some variables in the database, a large number of data are missing. The missing values are not expected to be random. 15 We addressed this issue by excluding variables for which more than 20% of values were missing, as previously established for NTDB, 6 and applying multiple imputation methods for the remaining missing data. 13 However, this method is still inferior to using real data. Fifth, the NTDB lacks information on the speed of motor vehicles at the time of crash; therefore, we could not control for this potential confounder. 16 Future studies should identify the possible effect of speed at the time of impact on the occurrence of PNIs. Sixth, the NTDB does not provide any information on the postacute course of the patients or the percentage of patients who underwent surgical treatment for their PNIs (most of which happens in a delayed fashion). Seventh, the NTDB lacks the granularity that would enable us to identify specific injured nerves or associated injuries (fractures, dislocations, vascular injuries), which has been possible in series that incorporate trauma registry data with additional chart review. 12 Eighth, we used largely ecologic data; therefore, we cannot base causality solely on the data.
Conclusions
Using a comprehensive national database, we demonstrated that PNIs are more common than previously identified in this population. We demonstrated the relative prevalence of PNIs across several injury mechanisms and age strata. According to multivariate analysis, PNIs are associated with older patient age and increased overall injury severity. Recognizing PNIs in pediatric trauma patients with neurological deficits is useful for preventing long-term disability.
